MATERIALS AND METHODS
The method employed for establislhing endocarditis depends upon inserting a polyethylene catheter in a peripheral artery or vein and advancing it to a point at the entrance to or within the heart chambers. Wlhen the catheters were filled witlh sterile saline, nonbacterial thrombotic endocardial lesions developed in the region of the tip of the catheter. WVlhen bacteria were introduce(d into the lumen of the catheter, bacterial endocarditis was the result. Catheters filled with bacteria and inserted to a point short of the heart dlid not produce bacterial endocar(litis (5, 6) .
TIhe details of the methods for placement of the polyethylene catlheters in the rigght heart chambers of rabbits have been described previously (5, 6) . Catheters were introduced into the venous system througlh the femoral vein for insertion into the right heart and into the carotid artery for placement adjacent to the aortic valve. The catheters were filled with the (lesired number of microorganisms, the end folded, tie(l upon itself with sterile silk, and the skin sutured over the foldedl end of the catheter.
A strain of C. albica us, an isolate obtained in the Candidla coloniy-forminig units (CFU) were enumerated by the surface plating oIn SDA of 0.1-ml samples of serial dilutions in TSB of the overnight cultures.
Examinationi of the lheart and other organs was carried out under sterile conditions. All chambers of the lheart were carefully examinedl for lesions and all lesions were smearedl and studied by Gram stain. WVIhen Candida were not easily seen, the smears were repeated, and multiple cultures were taken from the heart lesions of suclh animals. Samples of liver, spleen, and wlhole or lhalf kidneys were homogenized in TSB and serially diluted prior to surface plating of appropriate dilutionis of SDA. The spleen was considered enlarged when its wet weight was greater tliaan 2.0 g. Blood cultures were taken from a lateral ear vein when the rabbits were alive andI from the inferior vena cava at the completion of an experiment. Blood was added to SDA and incubated at 37°.
RESULTS

Intravenouts Injection of Candida albicans in Normal Rabbits
Normal rabbits were challenged with varying numbers of candida to determine the consequences of intravenous inoculation (Table 1) . Bacteriological and morphological studies of 16 rabbits was carried out 7-9 days later. There were no spontaneous deaths. RIGHT HEART ENDOCARDITIS Polyetlhylene catlheters were placed in or at the entrance to the right heart in 10 rabbits. The catlheters were filled with 104-10' candida CFU and bacteriological and morphological studies carried out after intervals of from 6 to 76 days ( Table 2 ). None of the rabbits died, all appeared to be in excellent lhealtl throughout the course of the experiment. In addition, 16 blood cultures taken at varying times during the experiment were sterile.
All catheters were located in the right heart at the time of examination. 
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of the 10 rabbits, gross vegetations were easily visible. Candida, however, were seen in only one instance on smear of the vegetations. Nevertheless, between 104 and 105 candida CFU/g were cultured from the vegetations in 7 of the 10 animals. In three instances candida were recovered only from the endocardial lesions and in two animals the vegetations were sterile (<103 candida CFU/g). The cardiac lesions were easily seen and measured several millimeters in diameter ( Figs. 1 and 2 ). The lesions usually had creamy white material in their centers.
Splenomegaly was found twice (rabbits 210, 212); one of these animals (212) was the only one without evidence of endocarditis.
Microscopic studies of the right heart vegetations revealed the presence of small numbers of candida organisms. LEFT HEART ENDOCARDITIS Catheters were placed at the level of the aortic valve in seven rabbits and filled with 101-102 CFU of C. albicans. Examination was carried out 15-58 days later (Table 3) . Only one rabbit died. The catheters were found to have passed between the aortic cusps into the left ventricle in most instances and large vegetations were found in relation to the catheter tip. Often the vegetations appeared to completely fill the aortic cusps and candida were easily seen on smear in all instances. Cultures confirmed this, revealing the presence of >105 candida CFU/g in five rabbits and 104 and 105 CFU/g in the remaining two. Despite the presence of fungi in the vegetations, blood cultures were all sterile.
Tissue sections confirmed the finding of large numbers of candida in the left heart vegetations (Figs. 4 and 5) . Particularly interesting was the obvious localization of candida to specific zones of the abscess; a moderate number were found in the central necrotic portion of the abscess but the predominant concentration was at the edge of the necrotic zone covered by a thin layer of fibrin-like material. Of seven animals examined, two had well-defined lesions of myocarditis, in one instance with well-developed multinucleated giant cells (Fig. 6 ).
In the lungs of four of six animals examined, tiny focal lung abscesses resembling granulomas were seen (rabbits 263, 271, 274, and 275). Pulmonary emboli and infarcts were not seen but pulmonary arteritis was seen in one rabbit. This lesion was noted in previous studies of right-sided staphylococcus endocarditis(5). Gridley stains of these lung sections did not reveal the presence of candida.
Renal infarcts (rabbits 263, 274, 241, 271, 275, and 277) and abscesses (Table  3) were seen commonly, but no definite instances of glomerulonephritis were observed. Kidney infarcts were also common in previous studies of staphylococcal endocarditis (6) . Splenomegaly was found only once (rabbit 263).
SHORT CATHETERS IN THE INFERIOR VENA CAVA
To determine if the presence of the catheter within the heart was necessary for the production of endocarditis with candida, as had been shown previously for staphylococci, catheters were inserted for a short distance into the inferior vena cava of six rabbits. The catheters were filled with 103-104 candida CFU and the organs examined 16-18 days later.
All catheters were found in the vena cava below the level of the renal veins.
The catheter tips and 1-2 cm of the catheter below the tip were usually covered with white friable fibrin-like material. Culture of this material was positive in two instances whereas in the remaining four animals candida were recovered from the spleen, kidneys, or liver. Despite this evidence of egress of candida from within the catheters, the hearts of all six rabbits were normal. Blood cultures at the time of bacteriological study were negative in all instances. 
DISCUSSION
Thlese experiments (lemoulstrate a methodl for produtcing right or left heart endlocardlitis with C. albicauss in rab)bits. Previous studies have shown that placement of a sterile polyethlylene cathleter in the chambJers of the right or left sides of the heart led to thle dlevelopment of nonbeactrial endlocarditis whichl did not become infected ulnless the cathleters were filled with microorganisms or unless microorganisms were injectedl intravenously(5,6). The ease and reproducibility of the model infection is similar to that reported previously using staphylococci as the test organism(5,6).
Experimental candidla endocarditis was remarkably well tolerated; only one animal (lied and it was in thle group with left-sided infection. Between 104 and 105 canclida CFU/g were cultulredl from the vegetations of seven of the nine animals with righlt sided endlocarditis. Fewer thlan 103 candidac CFU/g were cultured from the vegetations of the remaining two rabblits (Figs. 2, 3) . On thle left side of the heart, even thoughl thle catheters were filled with an inoculum 2-5 logs lower than that used to fill the right heart catheters, the number of candida recovered from the vegetations was considerabgly greater than on the right side. Between 106 and 10~candida CFU/g were recovered from five of seven animals with left-sided endocarditis (Figs. 4 and 5) andl the remaining two animals had vegetations containing lO4 and 105 candida CFU/g. Thus, it appears that C. albicauis multipliedl to a greater density in lesions on the left side of the heart than on the riglht sidle of the heart.
In studying the evolution of staphylococcal endocarditis after removal of the polyethylene catlheter re(quired for the initiation of infection, it had been found that endocarditis on the rihlit side of the heart ha(l a ten(lency to heal more rapidIly tlhanl eindocar(litis oIn the left side of the heart(7). The explanation for these (lifferenices in host-microbe relations on different sides of the heart remains a problem for ftuturie study. (5,6).
The explanatioin for the clependclence of the frequency of fatal outcome upoIn the location of the infection (riglht or left side of the heart) and the nature of the infecting microorganism is a most interesting area for speculation. It had been reasoniecd previously that the greater mortality with left-sided as compared with right-sidled staphylococcal endocarditis might be dIue to some property of the staphylococcus growing more vigorously on the left side of the heart(7). This positioIn was basedl on tie fincling that right-sided infection healed more rapidlly than left-sidecl infection after removal of the polyethylene catheter. The peripheral embolic consequences of left-sided infection were not thought to explain the greater frequency of (leath with left-sided disease since sterile vegetations on the left sidle of the heart were not fatal and yet seemed to produce the same frequency of peripheral emboli as infected left-sided endocarditis.
The present studlies with candida are pertinent to this problem of the cause of death in left-sidled staphylococcal endocarditis. The greater density of candida in left-sided vegetations support the previous studies derived from observations of the rate of healing of the staphylococcal lesions. Furthermore, only one of seven rabbits with left-sidled candida endocarditis died. Thus, despite the frequency of renal abscesses and infarcts comparable to that found with staphylococcal infection, infection with candida was well tolerated.
These observations suggest that death in experimental staphylococcal endocarditis in rabbits results from some substance or substances produced by microorganisms multiplying in the vegetations. In this way vegetations supporting more vigorous microbial multiplication would be more likely to kill the animals and the fatal nature of the infection would also depend on the ability of microorganisms to produce these injurious substances (toxins). Considering how little we know about the mechanisms by which infections cause death, this model ap-pears to be a promising method by which to study microbial toxin production and the outcome of endocardial infection in the rabbit.
An interesting feature of the vegetations containing C. albicans is the orientation of the yeast as seen in the microscopic sections. The previous studies of staphylococcal endocarditis revealed microscopic solid masses of cocci enmeshed in laminated acelltilar material (5) . In the preseInt study, however, candida were oriente(l differently. They were found either scattere(l through necrotic tissue or more commonly in a ring at the periplhery of a mass of necrotic tissue (Figs. 7   and 8 ).
Alicroscopic studies did not reveal the presence of pulmonary emboli or infarcts in the lIungs of animals with right heart infection (lespite the frequent finding of renal infarcts in animals with left heart infections. In previous sttudies with staphy,lococci similar findcinigs obtained (5, 6 Mfultiplication of fuingi was greater in the left side of the heart than in the right si(le. l'Ihis modlel reproduces circumstances similar to those in whiclh infection is seen in man andl appears suitable for the study of the pathogenesis and tlherapy of C. albicatIs endocarditis.
